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1TATICITAL ADVISORY COMMITTEE FOR AEROITAUTICS 



AD VAN 03 CONFIDENTIAL REPORT 



MEASUREMENTS 0? THE ff LYING QUALITIES OS A 
SUPERMARIITE SPITFIRE VA AIRPLANE 
By William H „ Phillips and Joseph R . Vensel 

INTRODUCTION 



The flying qualities of the Supermar ine Spitfire air- 
plane Wire tttfasured at the request of the Army Air forces, 
Materiel Obmmand. These ;i^i-?ure^ents form part of a pro- 
gram fed determine quant it a*- ive ly the flying qualities of 
many airplanes of different types, Similar tests have been 
carried out previously cn four American types of pursuit 
airplane 8 and on one British fighter, the Hawker Hurricane* 
A comparison of the recruits of vkose tests should lead to 
a "better knowledge of the flying qualities' necessary in a 
f ightur-type airplane . 

The tests wore conducted at Langley Eiold, Va . , dur- 
ing the period from December 30, 1941 to January 29, 1942. 
Sixteen flights and approximately 13 hours flying time 
were required to complete the tests. 

DESCRIPTION OP TEE SUPEEMAHIIIS SPITPISE AIHPLAITE 



The Supermarine Spitfire is a single-place, single- 
engine, lo^-v/ing, cantilever monoplane with retractable 
landing gear and partial-span split flaps (figs. 1, 2, 3 f 
and 4) f The general specifications of the airplane are as 
follows: 

Home and type Supermarine Spitfire VA 

(Air Ministry X T o. "Wo 119) 

Engine • . ♦ Soil s-Roy ce Merlin XLV 

Hat ing: 

Take-cff 1170 brake horsepower at 3000 rpm 

Formal 1200 "brake horsepower at 

2850 rpm at 15,5C0 feet 
Maximum 1210 brake horsepower at 

3000 rpm at 13,250 feet 
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Supercharger single stage, single speed 

Supercharger gear ratio 9.10:1 

Propeller Eotol constant speed 

Diameter 10 feet, 10 inches 

Humter of blades 3 

Gear ratio i 0.477:1 

Fuel capacity 85 gallons (imperial) 

Oil capacity 5.6 gallons (imperial) 

Weight, empty 4960 pounds 

Formal gross weight 6237 pounds 

Weight as flown for tests 6184 pounds 

Vang loading, normal gross weight . . . 25.3 pounds per 

s a u a r e foot- 
Power loading, normal gross weight . . . .4.73 pounds per 

hor sepower 

Over-ail height (datun-line level) . . 10 feet, 11 inches 

Over-all length 29 feet, 11 inches 

Wing: 

Span 3<5 feet, 11 inches 

Area 242 square feet 

Airfoil section root ITA3A 2212 

Airfoil section tip HACA 2203 

Aspect ratio • • • * 5.62 

Mean aerodynamic chord 7 feet, 1 inch 

Location of mean aerodynamic chord 

(approx J . . .4.8 inches hack of leading-edge wing root 

Plan form n • elliptical 

Dihedral (leading edge of wing) £.0 

Incidence measured from thrust axis: 

Root 2.1° 

Tip . : 

Wing flaps (split t railing-edge type): 

Total area 15 • 6 square feet 

Flap span 1? feet, 10 inches 

Travel 85 

Ailerons ( met ft 1-cover ed N : 

Length (each) 6 feet, 104 inches 

Area (total area, each) 9.45 square feet 

Balance area (each) 2.45 square feet 

Statili aer (fixed) : 

Maximum chord 2 feet, 6.2 inches 

Area (including 2.15 sq ft fuselage) 20.1 square feet 
Incidence from thrust axis 0 

Blavat or : 

Sp an 10 feet, 6 inches 

Maximum chord . . . 1 foot, 5.2 inches 

Area (aft hinge line, except for 

horn balance) 13.25 square feet 

Trin tah area °- 84 square foot 

Balance area (horn balance*) . . . . 1.16 square feet 
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Vertical fin: 

Area . . . 4.61 square feet 

Offset 0° 

Rudder : 

Vertical span 5 fe^.t, 4^ inches 

Maximum chord (aft hinge line) ... 1 foot, 9f inches 

Total area . . . 8.38 square feet 

Balance area (horn balance) 0.34 square foot 

Trim ta.h area C.3 5 square foot 

Distance fror. elevator hinge line to 

leading edge of Wing * . 21 feet, 10| inches 

Distance from rudder hinge line to 

leading edge of wlug t • 22 feet, 4 inches 

Maximum fuselage cross-secMonal 

area (excluding radiator) approximate 10.8 square feet 



The relation ootvocn the c ont r ol~ st i ck position and 
the angles of the conirols is shov:n on figures 5 and 6. 
Figure 5 also shows the unbalance and friction in the ele- 
vator system as -leas.ured with the airplane on the ground. 
A stic::' force of 2 pounds to the right and 3 pounds to the 
left was required to overcome aileron friction. The fric- 
tion in the rudder linkage varied fro~i 7 pounds near the 
neutral position to 20 pounds near the limits of the rudder 



travel . 



IKSTHUiSHT • INSTALLATION 



Items measured 1TACA instruments 

Time • « i • • i • timer 

Airspeed ♦ • airspeed recorder 

Positions of the three control 

surfaces • control-position recorder 

Rolling velocity . . angular-velocity recorder 

llormal , longitudinal, and 

lateral acceleration . . • three-component a cceler omo t er 
Angle of sideslip .......... recording yaw vane 

Angle of hank o/ pitch ...... recording -inclinometer 

Hudder or elevator force control-force recorder 



The airspeed recorder was connected to a sniveling 
pitot-static head, Which v;as free to'rotate in pitch hut 
not in yaw, located' on a Mom extending a chord length 
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ahead? of the right wing tip. The yaw vane was located at 
the end of a similar Doom on the left wing tip, as shown 
on figure 4. It was "believed that angularity of the flow 
at this point might cause some error in the recorded side- 
slip angles, 7or this reason, another .recorder was mount- 
ed on the right wing tip and the angles of the two yaw 
vanes were recorded simultaneously in flight throughout 
the speed range under various flap and power conditions. 
Because of symmetry of the airplane, one-half the differ- 
ence between the readings of the two yaw vanes wae taken 
to represent the correction to apply to each yaw vane. 
This correction halB been applied to all of the recorded 
values of sideslip angle. These values are therefore 
"relieved to represent the actual angles of sideslip of 
the thrust axis* The di ffe r ogee between the readings of 
the two yaw vanes was a/bout 3 with level flight power 
and 3 with power off. The vanes showed the flow to he 
converging toward the fuselage. 

All the recording instruments were synchronized by 
the timer and the records were obtained photographically. 
Blevator and rudder forces wore determined by recording 
the tension in the control cables. Aileron forces were 
measured by means of a visual control-force indicator 
that rested against the top of the control stick. 

The instrument recording the angular position of the 
three control surfaces Was attached to the control link- 
ages near the cockpit. Tests made on the ground showed 
that errors in the recorded angles due to stretch in the 
control system were small enough to be negligible in the 
case of the elevator and rudder controls. A slight amount 
of flexibility Was noticeable in the aileron system but, 
inasmuch as no simple means was available for determining 
the error introduced, no correction was applied to the re- 
corded aileron angles. 

AIBSPSSD CALIBRATION 



The readings of the pilot's meter as compared to the 
correct indicated airspeed in the cruising, gliding, and 
landing conditions of flight are slotted on figure 7. 
The correct speed was determined by flying in formation 
with another airplane* The calibration of the airspeed 
recorder in the latter airplane was made by the use of a 
trailing airspeed head. The installation of the airspeed 
indicator in the Spitfire consisted of a pitot-static head 



5 



located "below the left King slightly ahead of the aileron 
hinge, as shown on figure 4. The installation ^ave al- 
most correct measurements at high speeds tout showed a 
speed about 10 miles per hour too low near minimum speed, 
^j- In addition to this error, the reading was affected by 

j£ the angle of sideslip. The indicator read too low a speed 

& in left sideslips and too high a spe-.3d in right sideslips* 

This fact was determined by comparison of the pilot ! s in- 
dicated speed in sideslips with that recorded by the pitot 
heal located on the boom ahead of the right wing tip and 
depends on the assumption that the airspeed head on the 
boom was af footed in the same way "by sideslip to either 
side. . 

MISTS, RESULTS, AI7D DISCUSSION 



All of the flying-qualities tests were made with the 
center of gravity at a distance of 31.4 inches "behind the 
leading edge of the wing at the root. The me*n aerody- 
namic chord of 85 inches was computed to he 4.30 inches 
"back of the leading edge of the wing at the root. The 
center of gravity was therefore at 31.4 percent of the 
mean aer odyr- ar.i c chord. .3ucrvaso no accurate drawings of 
the Spitfire were available, the calculated location of 
the mean aerodynamic chord ray ho somewhat in error. 

The cent er-of -gravity location with full military 
load is not knovm 0 T&e nirplano, however, as weighed with 
fl 140-pound pilot and all known items of military equip- 
ment except ammunition in place had a weight of 6014 pounds 
p,nd a cent or-of-gravi ty location 31.1 inches "behind the 
leading edge of the wing. The addition of ammunition is 
not believed to change this cent or-of-gravity location ap- 
preciably. The weight of the airplane as flown in the 
test's with instruments and ballast added to retain the de- 
sired center- of -gravity position was 6184 pounds. 



Longi tudinal Stability and Control 

Char ac t cri st i cs of uncont rolled longitud inal mo tion . - 
Of the two fcypea of control-free oscillation, only the 
short-period oscillation is dealt with hero, a s previous 
tests have shown that the characteristics of the well- 
known long-period (phugoid) oscillation have no correla- 
tion with the handling .qualities of an airplane. The 
degree of damping of the short-period oscillation was in- 
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vestigated by suddenly deflecting the elevator and releas- 
ing It in high-speed level flights She subsequent vari- 
ation of elevator angle, elevator force, and normal accel- 
eration was recorded. A typical tine history of this na- 
neuver is shown in figure 8. The variation of elevator 
angle and normal acceleration completely disappeared af- 
ter one cycle, and thereby satisfied the requirement of 
reference 1% She oscillation was satisfactorily damped 
in spite of the fact t.h$t the mftss unbalance of the eleva- 
tor shown on figure 5 would be expected to reduce the 
dr. up ins . 

The longitudinal handling characteristics of the 
Spitfire wore observed to be poor in rough air t Shis be- 
havior was attributed to the airplane 1 s neutral static 
longitudinal stability and relatively light wing loading, 
rather than to the characteristics of its control-free 
short-period oscillation, 

Ohrracteri st i c 8 of the elevator control in steady 
flight .- The static longitudinal stability of the Super- . 
marine Spitfire airplane was measured by recording the 
control forces and positions in steady flight at various 
speeds in the following conditions: 



Condition' 


! 

Manifold pressure 
(in. Eg) 


Engine 

speed 

(rem) 


Flap 
posi- 
tion 


Landing- 
gear 
position 


Zadiator- 
shutter 
position 


Hood 
position 


•Take-off 
Climbing 

Cruising 
Gliding 


4% (j lb/sq in • 

boost) 
V4 (7 lb/sq in. 

boost) 

37.5 (3 1 It/sq in. 

boost) 
throttle closed 


2oH0 


up 
up 


down 
up 

up 


open 
open 

flush 
closed 


open 
closed 
closed 
closed 


Landing 
approach 

Landing 


22 (-U lb/sq in. 

boost) 
throttle closed 

I 


230C 


down 
i down 


down 
down 


open 
closed 


open 
open 

l 



The re3ti.lt s of these tests are presented in figures 
9, 10, and 11. She conclusions regarding the elevator con- 
trol characteristics in steady flight any be summarized as 
follows: 
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1, The stick-fixed longitudinal stability in the 

gliding condition was neutral, as shown by the fact that 
no change In elevator deflection was required to tri:u 
throughout the unstalled speed range . The stability was 
-3- essentially neutral in all flap-up, powor-or, conditions of 

k> flight except at low speeds, where some rearward r/.otion of 

m the stiek occurred. This apparent positive stability at 

low speeds with power on while still well -hove the stall 
w. s caused "by the elevator deflect ion due to sideslip, he- 
cause some left sideslip was found to occur at lefw speeds 
in straight p over- on . flight with the wings level. Scatter 
of the points in the plotted data Bay likewise be attributed 
to an inconsistent variation of sideslip angle with airspeed* 
The variation of elevator angle with sideslip will he fur- 
ther discussed under the subject of pitching nonent due to 
sideslip. As the curves of figure 11 show, the Spitfire 
displayed stick-fixed instability in the flap-down condi- 
tions of flight with power on or off. It is concluded that 
in all flight conditions, the Spitfire failed to meet the 
r eouir orient s for satisfactory longitudinal stability stated 
in reference 1, The upward travel of the elevator in the 
power-Off conditions near nininun sriood resulted from de- 
creased downwnsh at the tail caused by separation of the 
fl©w at the wing root. This phenomenon is explained in 
the report on stalling characteristics (reference 2). 

A similar increase in elevator angle was required in 
the power-on conditions of flight near minimum speed. No 
separation of flow from the wing root was observed in 
these conditions, but the elevator deflection duo to side- 
slip is sufficient to account for this elevator motion. 
It is probable that separation of flow over the yawed fuse- 
lage was responsible for the large up-elevator angles re- 
quired in sideslips. 

2 # In spite of the neutral stick-fixed static sta- 
bility with flaps up, the airplane had a slightly stable 
stick-force variation with airspeed throughout the speed 
range (fig. 9). This stable stick-force gradient is at- 
tributed to the unbalanced elevator. If a completely 
nas s~balanced elevator had been employed, the stick-force 
Variation would have been slightly unstable., a condition 
consistent with neutral stick-fixed stability. In the 
flap-down condition with power on, the stick-force varia- 
tion for the trim-tab sotting used was unstable and, with 
power off, the stick-free stability was neutral. If the 
airplane had been trimmed for zero stick force at lew 
speed, the variation night have been slightly stable with 



8 



power off and a "bout neutral with power on. In all condi- 
tions an increased pull force on the stick was required 
near the minimum spead. This increased pull force served 
as a desirable stall warning. It was associated with the 
separation of flow at the wing root *.r.d the up~olcvator 
angles required at the stall. 

3. The friction in the elevator systo:. was such fc!iat 
r force of 2 pounds was required to reverse the notion of 
the stick, as shown in figure 5. This friction was snail 
enough that, in the flight conditions where a static stick- 
forco rradient existed, the control would return to its 
trim position. 

The effect of friction is not shown on the force 
curves of figures 9, 10, and 11, becatiso the vibrations of 
the airplane largely eliminated the frictional force while 
the neasurenent s were oein:; taken. 

4. The Units of elevator notion were not reached in 
steady flight fro:;, the -minimum speed to the highest speeds 
tested. Figures 9, 10, and 11 show that in all conditions 
only a few degrees of elevator notion were required to trim 
throughout the speed ra,nge. 

Character i st i cs of the elevator control in accelerated 
fligh t .- The characteristics of the elevator control in ac- 
celerated flight were determined fron measurements taken 
in pull-ups and in turns. The data obtained in pull-ups 
are presented in figure 12. Tine histories of representa- 
tive turns are shown in figures 13 to 20. 

The elevator control was found to be powerful enough 
to develop cither the maximum lift coefficient or the al- 
lowable "load factor at any speed. As shown in figure 
12(a), less than 5° movement of the elevator was used in 
reaching maximum lift coefficient in pull-ups from level 
flight. In these maneuvers, the elevator was abruptly de- 
flected a snail amount and then held fixed with the aid 
of a graduated tape in the cockpit. In pull-ups made at 
high speedy the elev.-vtor was always eased forward before 
maximum acceleration had been developed, in order to 
avoid overloading the structure . 

The normal acceleration was observed to increase pro- 
gressively with elevator angle, though the range of el- 
evator notion was so snail that no measurements were nade 
of the exact form of this variation. 
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She small elevator travel roquircd to reach maximum 
lift coefficient fr&e evident in turns as well as in pull- 
\ips, The variation of olovntor angle with lift cogffi- 
cient in turns is plotted in figufft 21(a). Only 3 up- 

^ elevator movement was required to go from level flight at 

H lift coefficient of about 0.3 to the first sign of the 

^ stall. This movement corresponds to a stick deflection 

of 3/4 inch. This degree of stability is far lo' r er than 
the 4 inches of rearward stick movement required in refer- 
ence 1 ♦ 



The Spitfire air-olane had the unusual quality that 
allowed it" to be flown in a partly stalled condition in 
accelerated flight without becoming laterally unstable. 
Violent buffeting occurred, but the control stick could be 
pulled relatively far back after the initial stall flow 
"breakdown without causing loss of control. With the gun 
ports open, lateral instability in the form of a right 
roll occurred, but not until an up-elevator deflection of 
10° had been reached and unmistakable warning in the form 
of buffeting had occurred. This subject is discussed 
more fully in reference 2. 

The excellent stall warning made it easy for the pi- 
lots to rapidly approach maximum lift coefficient in a 
turn so long as the s-oeed was low enough to avoid unde- 
sirably large accelerations at maximum lift coefficient. 

The excellent stall warning possessed by the Spitfire 
was obtained at the expense of a high maximum lift coef- 
ficient* The maximum lift coefficient in accelerated 
flight was 1.21, while the average lift coefficient tnrough* 
out a stalled turn was usually about 1.10. 

In turns at speeds high enough to prevent reaching 
maximum lift coefficient because of the excessive acceler- 
ations involved, the small static longitudinal stability 
of the Spitfire caused undue sensitivity of the normal 
acceleration to small movements of the stick. As shown 
by the time histories of high-speed turns (figs. 15 to 18), 
it was necessary for the pilot to pull' back the sticky and 
then case it forward almost to its original position in 
order to enter a turn rapidly without overshooting the de- 
sired normal acceleration. Although this procedure ap- 
pears to come naturally to a skillful pilot, flight ^records 
from other airplanes show that a turn may be entered rapid- 
ly and the desired normal acceleration may be held con- 
stant by a. single rearward motion of the stick provided 



10 



the static stability of an airplane is sufficiently largo* 
By careful flying, the pilot was able to make smooth turns 
rt high speed', as snown by figures 17 ami 18, Ordinarily, 
however, snail movement s of the stick caused, appreciable 
variations in the norr.al acceleration, as shown in figures 
15 and 20. 

The variation of stick force with nornal acceleration 
in turns is plotted 'in figure SlC*). The stick-force gra- 
dient of 5.0 pounds per g was considered a. little too 
light by moat Of the pilots. It is lower than the value 
of°6 pounds per g r cconnended <^s an upper limit in ref- 
erence 1. Inasmuch as the elevator mass, unbalance under 
static conditions gave a ^orce of 4.0 pounds on the stick, 
it is apparent that the stick force rcouired in acceler- 
ated flight came aXnoat entirely from the statically un- 
balanced elevator. Practically no. stick force would be 
required in turns if the elevator were nass balanced. 
This suggests that the airplane would appear definitely 
unstable in turns if the -levator wore mass balanced, as 
is roouirod. for flutter prevention on Ar.erican pursuit 
airplane s . 

The stick-force gradient measured in pull-ups, shown 
on figure 12(b), was in good agreement with that obtained 
in turns. The not or would cut out when negative acceler- 
ation was experienced in the push-downs required to re- 
cover froiu these pull-ups. 

Character! st i c^s of the el evaJ_o,^c^nt rol in landing . - 
The average elevator angle required to make a three-point 
landing was about 8.4° up with respect to the thrust axis. 
The elevator angles used at contact in individual landings 
varied over a range of 10°, partly because' tail buffeting 
caused the elevator to oscillate r.nd partly because the 
pilot had continually to apply corrections to the angle of 
r)itch of the airplane because of the lack of longitudinal 
stability in the' landing condition. The elevator angle 
required' for three-point contact was always well within 
the available range. 

The average value of the elevator angles used in 
three-iooint landings was 12° higher than the elevator an- 
gle required to reach the minimum speed In a gradual 
stall in the landing condition at altitude. The airplane 
could bo flown, however, in a partly stalled condition at 
altitude with the stick full back. The reduction in down- 
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wafch at the tail caused by reparation of the flow at the 
wing roct was probably combined with that duo to ground 
effoct in the three-point landings. A timo history of a 
three-point Landing, shown in figure 22* illustrates tho 
unsteadiness of the airplane and controls as tho landing 
attitude was approached. 

The stick force required to make a three-point land- 
ing was much less than the value of 35 pounds recommended 
as an upper limit in reference 1. By use of the trim tah> 
the force could "be reduced almost to zero. 

Oharaeterif t i cs of the elevator cont rol in take-of f . » 
The elevator power was adequate to raise the tail or ad- 
just the attitude anglp as desired during take-off. Figure 
23 shows the time history of a take-off made with 43 inches 
of mercury manifold pressure. The time required to leave 
the ground in this case ill 9 1 sec) does not represent the 
minimum possible take-off time. 

trip ch$ n fle r due to power a nd f laps*- Trin changes 
caused hy the application of power Or Flaps Trere unusually 
srjall in the Spitfire. This quality is highly desirable 
in a fighter-type airplane. The following table shows the 
stick-force changes with a given tab setting required to 
maintain tflm at 120 nilos per hour in various conditions 
of flight. 



Pilot 1 5 


Correct 


1 














indi- 


indi- 








Engine 


Hen i fold 




Stick 


cated 


cated 


Hood 


?laps 


dear 


speed 


pressure 


Shat- 


force 


air- 


air- 












ters 




speed 


speed 
















(arph) 


(mph) 








(rpm) 


(in. Hg) 




do) 


X20 


125 


closed 


BP " 


up 




throttle 
closed 


flush 


0 


120 


128 


closed 


up 


up 


2S50 


kk 


flush 


3 push 


120 


12** 


closed 


down 


up 






flush 


0 


120 


127 


closed 


up 


down 


2550 




flush 


1.3 push. 


120 


123 


closed 


up 


down 




throttle 


flush 


1 pull 






closed 








closed 






120 


123 . 


down 


up 




throttle 


flush 


2 pull 


120 












closed 






123 


open 


down 


down 




throttle 


closed 


3 pull 














closed 
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The stick force required to maintain trim while the 
flight condition was changed in any possible manner was 
much less then the value of 35 pounds set as an upper lim- 
it in reference 1. 

Charact er i st I^JBLJ&LJki^ ^ &° S 1 c ~°- • r B 6 " 

cause the trim changes required for the different flight 
conditions were sc snail, the elevator trim tabs had ample 
power to trim the nirplano at any speed in any flight con- 
dition for the eenter~o£~gray|*y location used in these 
tests* In order to determine the power of the elevator 
trim tabs, measurements of the elevator forces required 
for trim with different trim-tab settings were made at 
various speeds. The change in stick force per degree trim- 
tab change is plotted as a function of speed for three 
flight conditions in figure 24. The variation of stick 
force With speed for any trim-tab setting may be obtained 
by adding to" the forces plotted on figures 9, 10, and 11 
the force Caused by the change in trim-tab angle. 

Lateral Stability and Control 

Character! sties of uncontrolled lateral and di rec- 
tional motion.- The characteristics of the control-free 
lateral oscillation were determined by trimming the air- 
plane for steady flight and then deflecting the rudder and 
releasing the controls. Records were taken of the sub- 
sequent variation of sideslip angle. These measurements 
were made in the cruising condition at 125 and 200 miles 
per hour. The damping of the oscillation satisfactorily 
met the requirement of reference 1. At 200 miles per hour 
one oscillation, and at 128 nilos per hour, 1.5 oscilla- 
tions wore required for the motion to damp to one-half am- 
plitude. iTo undamped short-period oscillations of the 
controls themselves were observed, except for a tendency 
toward an aileron shake near full aileron deflection. 
This type of oscillation is not a control-free characteris 
tic and therefore will be discussed under the heading of 
ailer on- control character i it ics . 

Aileron -control c har act e r .i_s ti cs. . ~ The effectiveness 
of the ailerons of the Supermarine Spitfire airplane was 
determined by recording the rolling velocity produced by 
abruptly deflecting the ailerons at various speeds. The 
aileron angles and stick forces were measured. It should 
be &o\et that the airplane tested was equipped with metal- 
covered ailerons . 
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The results of these tests are presented in figures 
85 to 28. Figure 23 shows the variation of pb/2V "and 
aileron force with total aileron deflection in the land- 
ing condition, and figure 26 gives these curves for level 
^ flight with flaps and gear up at three speeds* Total ai- 

^ leron deflection is defined as the sun of the deflections 

^ of the right and left ailerons. The tjtia&titjf pb/27 is 

the helix angle in radians described by the wing tip in a 
roll, where p is thy rolling velocity in radians por 
second. b the wing span in feet, and V the true veloc- 
ity in feet per second* A complete discussion of this 
criterion for aileron effectiveness is given in reference 3 # 

The ailerons were sufficiently affective at low speeds, 
and were relatively light at small deflections in high- 
speed flight. The forces required to obtain high rolling 
velocities in high- speed flight wore considered excessive. 
With a stick force of 30 pounds, full deflection of the 
ailerons could he obtained only at speeds lower than 110 
ailed per hour. A value of po/#V of 0.09 radian in loft 
roils and 0.08 radian in right rolls was obtained with 
full deflection. A rolling velocity (at 6000 ft altitude) 
Of about 53 per second could be obtained with 30 pounds 
stick force at 230 miles per hour indicated speed. 

The ailerons were relatively light for small deflec- 
tions, but the slope of the curve of stick force against 
deflection increased progressively with deflection, so 
that about five times as much force was roauirod to fully 
deflect the ailerons as was needed to reach one-half of 
the maximum travel. The effectiveness of the ailerons in- 
creased almost linearly with deflection all the way to 
the maximum position. The value of pb/2V obtained for 
a given aileron deflection was nearly the same in all the 
speeds and conditions tested. It may be concluded, there- 
fore, that there was very little reduction in aileron ef- 
fectiveness either by separation of flow near minimum 
speed or by wing twist at high speeds. 

Figure 27 shows the ailoron deflection, stick force, 
and helix angle obtained in a series of rolls at various 
speeds intended to represent the maximum rolling velocity 
that could bo readily obtained. The pilot was able to ex- 
ert a maximum of about 40 pounds on the stick. With this 
force, full deflection could be attained only up to about 
130 miles per hour. Beyond this speed, the rapid increase 
in stick force near maximum deflection prevented full mo- 
tion of the control stick. Only one -half of the available 
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deflection was reached with a 40-pound stick force at 300 
miles p arbour, with the result that the pb/2V obtainable 
at this spoed was reduced to 0.04 radian, or one-half that' 
reached at low speeds. 

Another method of presenting the results of the 
aileron-roll measur einent s is that glTf-g in figure 28, where 
the force for different rolling velocities is plotted as a 
function of speed. The relatively light forces required to 
ror.ch small roiling velocities are readily seen from this 
figure. She excessive forces required to reach high roll- 
ing velocities and the impos si bill ty of obtaining maximum 
aileron deflection much above 140 miles per hour are also 
illustrated* 

The ailerons failed to meat the requirement of refer- 
ence 1, which states that a value of pfc/SY of 0.07 radi- 
an should be reached with a stick force of 30 pounds at 0.8 
of the maximum level-flight indicated speed, or about 23 0 
miles per hour in this case. Under these conditions, a 
value of pb/2'f of only 0.051 radian v;as attained.- 

She pilots observed an aileron shake near full deflec- 
tion. This shaking of the control system is attributed to 
separation of the flow from the projecting 7rise balance on 
the lover surface of the upward-deflected aileron. The 
shaking was not particularly violent or objectionable on 
the Spitfire. This phenomenon has caused trouble, however, 
on airplanes with more flexible control systems. 

Yaw due to ailerons.- In aileron .rolls made at 110 
percent of the minimum speed with full aileron deflection 
and with the rudder fixed, about 18° sideslip was devel- 
oped. The requirement of reference 1, which states that 
lass than 20° sideslip shall be developed in this maneu- 
ver, was therefore met. 

Rolling, mo ment due to sideslip.- The rolling moment 
due to sideslip of the Spitfire airplane was determined by 
recording the aileron angles required in steady sideslips. 
The results of those measurement 6 are presented in figures 
29 to 34, where the rudder, elevator and aileron angles, 
angle cf bank, and rudder force are plotted as functions 
of the sideslip angle. The dihedral effect was stable in 
all conditions, with the exception that in left sideslips 
in the cruising condition the dihedral effect was practi- 
cally neutral. The requirement of reference 1 was there- 
fore mot in all conditions except in left sideslips with 
power on. 
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A further indication of the rolling moment due to 
si&eallp is given by the rolling velocities caused by ab- 
rupt reflections of the rudder (figs. 55 and 35). The 
nirplc.no always rolled in the correct direction. The roll- 
ing moment due to yawing velocity is comcined With that 
due to sideslip in those tests. 

The stick force in sideslips was not recorded, "but it 
w&fl observed that in conditions where the dihedral effect 
was stable the stick tended to return toward neutral when 
released. 

Bud dor cont rol character i sties The rudder control 
characteristics were investigated in steady flight, in 
sideslips, and in abrupt rudder kicks. In the rudder kicks 
records were taken of the rudder force, rolling velocity, 
sideslip angle, aad normal acceleration resulting froci ab- 
rupt deflections of the rudder. The results of these tests 
are presented on figures 3 5 and 36. 

A sideslip angle of about 25° resulted from abrupt 
maximum deflection of the rudder in the flap— up condition 
at low speeds. Since this sideslip angle exceeds the side- 
slip caused by full aileron deflection with the rudder 
fixed, the rudder control is "believed to "be sufficiently 
powerful to overcome the adverse aileron yawing moment. 

The initial values of rudder force in rudder kicks, 
plotted in figures 35 and ?5, show that the rudder was de- 
sirably light i The floating tendency of the rudder caused 
the peda.l ^orce to drop to about one-third of its initial 
v&ltte after the sideslip had built up. So reversal of rud- 
der force ever occurred, however. ^hc requirement of ref- 
erence 1, which states that left rudder force should al- 
ways be required for left rudder deflections and right 
rudder force for right rudder deflections, was therefore 
satisfied. 

Considerable deflection of the rudder to the right 
was required in the power-on conditions in steady flight 
ne^.r minimum speed as shown on figures 9, 10, and 11. The 
limits of rudder travel wore never exceeded, however. The 
rudder deflection is needed partly to offset the yawing 
moment caused by angularity of the flow due to the slip- 
stream, and partly to balance the left yawing moment of 
the propeller itself that results from tho high angle of 
attack of the propeller axis. The side force on the rud- 
der necessary to maintain eouilibrium of yawing moments 
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about the center of gravity* together with the side force 
on tlie tilted propeller, are believed to bo responsible 
for the appreciable amount of loft sideslip which was ob- 
served to occur in low-speed power-on flight with the 
wings laterally level . 

The rudder forces required for trim throughout the 
speed range with the rudder trim tab neutral are plotted 
for the gliding and cruising conditions on figure 9. 
These rudder forces wore unusually r light . 

The rudder cont-rol, in conjunction with the brakes, 
was suf f i ci ontly powerful to maintain directional control 
in take-off and landing. A time history of a take-off 
(fig. 23) shows that some rudder deflection was required 
to overcome a tendency to turn to the left. The rudder 
force required for this purpose, however, wps observed to 
be relative 1 y 1 i ~h t ♦ 

The midcJer forces retired to overcome adverse ai- 
leron y c ?w mi& to mai.itrin directional control in take-off 
and landing probably never exceeded half the val\ie of 180 
pounds specified as an upper limit in reference 1. No in- 
vestigation of the effectiveness of the rudder in recov- 
ering from spins was attempted. 

Yawin- mome nt du e to sideslip,- The yawing moment due 
to sideslip is indicated by the rudder deflections re- 
quired in steady sideslips (figs. 39 to 34). The direc- 
tional stability was satisfactory in that the rudder al- 
ways moved in the correct direction in sideslips. As pre- 
viously stated, the directional stability was sufficient 
to restrict the yaw due to ailerons to the limits specified 
i n reference 1 . 

The yawing moment due to sideslip with rudder free 
is 3hc\\rn by the variation of rudder force with sideslip 
angle in steady sideslips. The slope of the curve of rud- 
der force against nnglo of sideslip was always citable, 
though it was very smrll for sm^ll angles of sideslip. 
The increase of rudder force required at largo angles of 
sideslip insured that the airplane wotild always tend to 
return to sero sideslip if the rudder wore free, regard- 
less of the magnitude of the sideslip angles. 

Cr o s s-wind- force char a ct eri_st_i.es • - The cross-wind- 
force characteristics of the airplane are shown by the 
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angles of bank required to held steady sideslips in the 
various flight conditions (figs. 29 to 34) ♦ The angles 
of bank wore small at low speeds, "but they increased rap- 
idly with Sliced "because tho side force for a riven side- 
slip angle varies approximately as the square of the 
speed, The Spitfire showed, a slightly smaller side-force 
gradient than any other pur suit-type airplane tested pre- 
viously. A larger side-force grndient would seer, to be 
desirable "because the pilot would find it easier to main- 
tain &ny&we4 flight if a large angle of hank were required 
to side slip • 

git chi a g . B P a § B S IS^li^JdtMlllg * - The pitching moment 
due to sideslip is shown by the Variation of elevator an- 
gle with angle of sideslip in the steady sideslip measure- 
ments (figs. 29 to 33) an?., "by tho variation of normal ac- 
celeration with rudder angle in the rudder kicks (figs. 3 5 
and 36), The Spitfire showed a tendency to pitch down both 
in left and right sideslips. In povror-on flight, this air- 
plane failed to meet bhe requirement (reference l) that 
less thrn 1 change in elevator angle should accompany 5° 
deflection of rudder. As shown on figure 39, left sideslip 
occurred in the trim condition With wings level, and at 
this sideslip angle the elevator angle increased approxi- 
mate!- linearly with the left sideslip angle. She static 
longitudinal- Stability measurement s indi cat ed that the 
sideslip increased as the speed was reduced until it reached 
about 10° at the stall. The elevator angle required for 
this sideslip completely overshadowed any elevator motion 
required to change speed in unyawed flight. The increased 
up-olov^tor angles encountered at low speeds in the cruis- 
ing condition therefore do not represent static longitudi- 
nal stability. It is doubtful th->t this type of variation 
of elevator angle with speed is helpful to the pilot in 
maintaining a fixed trim speed. Furthermore, the static 
longitudinal-stability characteristics recorded by two 
pilots might disagree considerably, because slight errors 
in holding the wings level would result in appreciable 
differences in sideslip angle. 

The violence of the pitching motions of the airplane 
in rudder kicks is shown by the variation of norma,! accel- 
eration with rudder angle (figs. 35 and 36). Because the 
large accelerations made it difficult for the pilot to 
hold the elevator angle constant, the normal acceleration 
plotted on these figures may be partly the result of ele- 
vator motion. Nevertheless, the plotted values give ft 
qualitative idea of the pitching motions caused by rudder 
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deflection. In all cases except at very high speed, the 
airplane initially pitched up, then pitched down when the 
rudder was deflected In either direction. The rorson for 
the initial upward acceleration is not fcn&wH* The down- 
ward acceleration is caused by the pitching ir.onent due 
to sideslip, which exists after the sideslip angle has 
built up. She not or cut out when negative a ceo lerat i ons 
were encountered. Because of the violence of the nega- 
tive acceleration, the pilot was usually unable to keep 
the rudder fully deflected until the Laxi^un sideslip an- 
gle was reached. 

Hi gh-powered airplanes ordinarily show an Initial 
tendency to pitch up in rudder kicks to the left and down 
in rudder kicks to the right. This notion is attributed 
to gyroscopic nonents fro:.: the propeller. The Spitfire 
showed this tendency for rudder kicks of snail deflec- 
tions s t hirh speed, "out i n ell other cases the airplane 
initially -pitched up. in rudder kicks both to the left and 
right. 

Power of rudder and aileron trici ng devices .- ?hc 
trim tat- provided on the rudder was sufficiently powerful 
to reduce the rudder force to zero in any flight condi- 
tion. The rudder forces required for trim with the trim 
tab neutral are plotted on figure 9. Ho trim tab was pro- 
vided on the ailerons, "but the aileron forces for trim 
were light. The aileron angles required for t.riV through- 
out the speed range in the various flight conditions are 
plotted in figures 9, 1C, and 11. 

CONCLUSIONS 



The flying qualities of the Superior ine Spitfire air- 
plane observed in these tests nay be sun-imar i zed. in terns 
of the accepted standards for satisfactory flying quali- 
ties as follows: 

1, The short-period longitudinal oscillation was sat- 
isfactorily heavily damped in ail conditions tested. 

2. In all flight conditions the stick-fixed longi- 
tudinal stability was either neutral or unstable, and 
therefore failed to meet the accepted requirements. The 
requirement for a stable stick-force gradient was met iti. 
all conditions of flight except for the condition with 
flaps down, power on. 
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3 . The stick-force gradient in maneuvers was 5.0 
pounds per g. Ihe requirement for a force gradient of 
less than 6 pounds por g was therefore satisfied. 

4. The stick motion required to stall in maneuvers 
was 3/4 inch. This value is much less than the 4— Inch 
stick travel recommended for satisfactory flying quali- 



5. The elevator control was adequate for landing 
and take-off. 

6. The longitudinal trim cha&gea due to changes in 
engine power , flap position, or landing-gear position 
were exceptionally small. 

7. The power of the elevator trim tabs was adequate. 

8. The damping of the control-free lateral oscilla- 
tion was satisfactory, ITo undesirable short-period lat- 
eral oscillations were noted. 

9 # The aileron control we s adequate at low speeds 
"but unsatisfactory at high speeds "because of the excessive 
stick forces required to obtain high rolling velocities. 

10. Aileron yaw was within the limits specified as 
accept a hie . 

11. The dihedral effect was stable except in loft 
sideslips with power on, where it was practically neutral. 

12. The rudder was sufficiently powerful to offset 
aileron yaw and to maintain directional control during 
landing and take-off. The rudder forces required were 
well below the upper limit of 180 pounds specified. 

13. Directional stability was satisfactory. 

14. A large pitching moment due tc sideslip existed. 

15. The stalling characteristics in normal flight or 
in maneuvers were excellent though the maximum lift coef- 
ficients were low. So undesirable ground-looping tenden- 
cies were noted. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langloy Field, 7a. 
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Figure 1.- Side view of the Supermarine Spitfire airplane. 




Figure 2.- Front view of the Supermarine Spitfire airplane. 




Figure 3.- Three-quarter rear view of the Supermarine airplane. 
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Figura 5.- Variation with control-Btick angle of elevator angle 
and stick force caused by elevator friction and 
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Figure 6.- Variation of left, right, and total-aileron angles with 
control stick angle. Supermarine Spitfire airplane. 
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Figure 7.- Calibration of the pilot's airspeed indicator in the 
Super-marine Spitfire airplane. 
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Figaro 8+« Time history of a short-period oscillation started try 
suddenly pulling bacfe the control stick and releasing 
it in level flight; flaps and gear up. Supernarmc Spitfire airplane. 
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Figure 9. - Static longitudinal- stability characteristic* of the Supennarine Spitfire air- 
plane in the cruising and gliding conditions. ^ 
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Figure 10. 



Static longitudinal -stability characteristics of the Supermarine Spitfire airplane" 
in the climbing and take-off conditions. 
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Figure 11. - static . longitudlnal-stabillty characteristics of the Supermarine Spitfire airplane 
in the landing and landing-approach conditions. 
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(a) Variation of chanre in elevator angle vdtli lift coefficient 
in pvll-ups. 
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Figure 12.- Elevator characteristics in pull-ups. Superniarine 
Spitfire airplane. 
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Figure 13. - Time history of a rapid l80° turn to the left started at 17I4. miles per hour, 
in which the stall was reached, Supermarine Spitfire airplane; gun parts 
cowered. 
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Figure llj.. 



- Time history of a rapid 180 turn to the right started at 175 miles per hour, 
in which four stalls occurred. Supermarine Spitfire airplane with gun 
parts covered. 




Figure 15. - Time history of a rapid l80° turn to the left started at 223 miles D er hour. 
Supermarine Spitfire airplane with gun ports covered. 




Figure 16. 



- Time history of a rapid l80° turn to the right started at 218 miles per 
hour. Supermarine Spitfire airplane with gun ports covered. 




Figure 17. - Time history of a rapid l80° turn to the left started at 2I4.8 miles per 
hour. Supermarine SpHfire airplane with gun ports covered. 
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Figure 18. - Time history of a rapid 180° turn to the right started at 250 miles 
per hour, Supermarine Spitfire airplane with gun ports covered. 
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Figure 19. 



- Time history of a highly accelerated left turn in which the stall 
was reached three times. Supermarine Spitfire airplane with 
gun ports covered. 
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Figure 20. - Time history of a highly accelerated left turn started at 2I4.9 miles 
per hour. Supermarine Spitfire airplane with gun ports covered. 
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(a) Variation of oljvator angle with lift coefficient in turns 
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Figure 21.- Elevator characteristics in turns. Suponnarine Spitfire airplane. 
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Fig. 22 
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Figure 22. 



- Time history of a three-point landing (trim tab, 2.3° nose heavy). Note 
unsteadiness of airplane and controls caused by tail buffeting and in- 
stability in the approach. Supermarine Spitfire airplane. 
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Figure 23. - Time history of a tail-high take-off made with. £8 in. Hg manifold 
pressure. Supermarine Spitfire airplane. 



L-33U 




80 



120 



140 150 180 

Correct Indicated airspeed, mph 



200 



220 



240 



Figure 24.- Variation of power of the elevator trim taos with indicated airspeed in the cruising 
gliding, and landing conditions. Supermarine Spitfire airplane. cruising, 
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Figure 25. - Variation of aileron force and pb/2V with 
total aileron deflection in the landing 
condition (flaps down, gear down, power off) 
Supermarine Spitfire airplane. 
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Figure 26. 



Variation of aileron force and pb/2V with total 
aileron deflection in level flight (flaps up, 
gear up). Supermarine Spitfire airplane. 
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87*- Variation of maximum obtainable aileron deflection, aileron force, and pb/2V with indicated 

airspeed in level flight (flaps up, gear up). Supermarine Spitfire airplane. ^ 
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Figaro 28,~ Variation of aileron stick force with speed for different 

rolling velocities in level flight (flaps up, gear up). 
Supermarine Spitfire airplane. 
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Figaro 29,- Steady sideslip characteristics In the cruising condition 

(flaps up, gear up, powor on) at 120 miles per hour. 
Supennarine Spitfire airplane. 
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Figure 30.- Steady sideslip characteristics in the gliding condition 

(flaps up, gear up, power off) at 107 miles por hour. 
Supermarine Spitfire airplane. 
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Figure 31.- Steady sideslip characteristics in the gliding condition 

(flaps up, gear up, power off) at 122 miles per hour . 
Supermarine Spitfire airplane. 
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Figure 32. - Steady sideslip characteristics in the landing 
condition (flaps down, gear down, power off) 
at 95 miles per hour. Superraarine Spitfire 
airplane. 
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Figure 33. - Steady sideslip characteristics. in the landing 
condition (flaps down, gear down, power off) 
at 121; miles per hour. Superraarine Spitfire 
airplane. 
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ffiguro 34.- Steady sicloslip characteristics for small rudder deflections 

at various speeds in level flight with flaps and .roar up, 
hood closod. Supernarinc Spitfire airplane. 
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Variation of maximum change in sideslip angle, 
rolling velocity, change in normal acceleration, 
and change in rudder foroe, with rudder defleotioh 
in abrupt rudder kicks in the landing condition. 
Supennarine Spitfire airplane. 
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Figure J>&. - Variation of maximum change in sideslip angle, 

rolling velocity, change in normal acceleration, 
and change in rudder force, with rudder deflection 
in abrupt rudder kicks in level flight. Super- 
marine Spitfire airplane. 



